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(54) X-RAY MASK BLANK, ITS MANUFACTURE, AND X-RAY MASK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray mask blank as the 
material of an X-ray mask which can transfer a pattern with high 
precision, a manufacturing method of the mask blank, and an X-ray mask. 




SOLUTION: In an X-ray mask blank 2, having an X-ray transmitting film 1 
formed on a silicon substrate 1 1 and an X-ray absorbing film 13 formed 
on the film 1 , the product of the stress of the X-ray absorbing film 1 3 
and the film thickness at a plurality of points in a previously determined 
region is 0-±5x103dyn/cm. To manufactured to the X-ray mask blank 2, 
the stress distribution and/or the film thickness distribution of the X-ray 
absorbing film 13 are controlled in a process for forming the X-ray 
absorbing film. Thereby the X-ray absorbing film 13, wherein the product 
of the stress of the X-ray absorbing film 13 and the film thickness at a 
plurality of the points in the previously determined region is 0-±5x 
103dyn/cm is formed. 
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(57) 

[srs] -vie^**? iztwx^zx 

1 3 *3Tt4X*|v^^y7>^ 2lci?v>-r, ^Se* 
fe*L^«Wrt«)tt»:OjStciJ»t* x«RJ3l l 3 otD* 
iRBPtoflW* 0~±5X10 3 dyn/emt^o 

z.<Dxm.-7**?'7>i?2*$k : 3kt2>\z\±, xmssmm 
fcflWfcrtoiBftojScKijJt* xwrjdw 1 3 on?.* t an 

J¥tO^ J , 0±5X10 3 dyn/cmtSSiVj: 
' 1 3 ZMlRtZo 
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1 

im^Ml] m^Lt^^ittzXr^^mb, Itfie 
7 7*7>?Ki3^T, ^tbfct6btitzmi$i.ft<7)mm<V& 

k jstt^ tn9zx®®.m&(Dj&i3 ttomowfi, o ~± 5 

X10 3 dyn/cmf*4;t<:(HRtt4X»^ 
[fflt*£ 2 ] ||f 1 Et<OX«"7X ? 7*7 V 7 K i3 

%%>ztzqmt-rz>x$LTx?-77y?o 10 
[it*a 3 ] nuts 1 izmnxwc?* 9 7*7 > 9 k& 

^X, MUXmLWMte, Tati)SS>i:t4S**«. 
* 4 £ t b ■$ & XH-77 7 77 > * o 

Iff im 4 ] If 1 X»i 2 E*<7) XH?X^77> 
^tcjs^T, iHreXMRJDURa, T a fc B *&trtt&fr 
t>ttiZt&qmb-j-&xlfcrx?7<?>9o 

[If *S 5 ] Mfttfl 1 - 4 ortov»-f *L*ic|B«ox 

£McDgffiSi, tiIHa^2. Onm (R a I 
jSWfflS) £lT«Wt*lB*r*t*it*:»«fci-* 20 
X^^7'7>'7o 
[t**£6] at*®l~5Ort<0v>-rft3&»HfBR<7)X 

*t^7 ?yy>? Kts^x, mmxmmmmomwtf, 

7s77*7>7 0 

[if *a 7 ] mats i ~ 6 ©rtov»r*i.a»fciB*w> x 

s&t* 7 7*9 >7 t=l5v>T, |1JKX^iSm^-fbS« 
^"b £^£1-3X^7 7 7*7 >7o 

imm 8 ] mtut^m * xMOjuutrc x* 

mm*%mir&TM*^1rZ>XB.-***-77>?v>W: 30 

T, XH^XMS-O-VXtiMIS^^WiPl-^ t b \z «t 
oT, "f*^*P>^a«F l 30ffi»:<^jS^*5»t4TiWBX 
B&W^ftJjtmmtrtfcii*, 0 + 5X1 0 3 dyn 

/cmt^^iT* xmmmii&i&t & - £ t 

1" & X®r?X 7 7*7 > 7 <7)W&5fe 0 

9 ] fl|$g 8 SB*W> Xfcv* * 7*7 V 7 (DM 

mumz^x, mzxmmm<D&-t)ft*ii'BLif/jL\± 

ftHBi-iifctcior^TOi.fcSrtHRti-iXilft-T^^ 40 
[If *S i o ] if im 9 sa«ox«|TX fy'yyyv? 

*;*v?i)>7'JfXbLX* J ty> (Xe) £fflv>7t7. 

/< 7*£&- i ij ci b izx *)'fti - 1 
Wib-thxm.^^9rfyy9<Dm^^o 
[»*S1 1] lfi*^91E$^X^7?7*7>7<7> 

«fc»tt"=*v»-c, *rExi(««ww>(S*»*©Wfi 
^mxmmm<vm&tk<r>T--)\/®m*'fr o -tci 50 




2 

y)ftnzb*^b-*z>xm-**?-77>*<Dm&i5 

So 

1 2 ] ifi*^ 1 75s 7 ortwv^-f n^triem 

COXHv^ 7 7*7 > 9 *>*9 > T*-*"* £ b \Z X <oX 
%mZ*it^b*%mb-tZ>XKfc*X9o 

[»*£ 1 3 ] Iff*^ 1 2 mWL<DXm.^^ 9 £fflv> 
X, WE¥*K-=/<^->te¥*ff-5ifc*««i:i-4 
/-*7 

[0 0 0 1] 

- ^cffl v** xIvt, 7 7*7 > 7 RUf-e-osyg-^ffi fc xa 
ffi«^i^*st?i-x«a®ii3^ort^s^7>^:s.o t m)¥ 

^SrfllSS^iWIW U:X^X^7'7 v^X^^Kit 

xia^^^atr-e-oiwi-^aniai-^o 
[0 00 2] 

iza, mytmmmwLbLx, ^mt*?mft%*m^xm. 

i^*?->S-e?tS7t b U 7 7*7 7-1" -^ s fflV^C> 

LSKi ^©i|MW»rWO*«*»fbWi L < it*, 

CO 7 * h U V 7*7 7 - irfctffl v»r § tzWBdt&MVfc 

z*£z>tz&\z, mm^mmtx 10 i>w.m<nm.^xmi 

fflV»*Xi»'J 7 7*77i-— ffi* s K*ib^TV^ 0 
[0 0 0 3] 02 'i^COXH'J 77*7 7-f-lCfflV^ 

tiz>xffi.-*x9<Dm&zm-fWMmx*&Zo 02^1- 

X o K, XH-77 9 5 Hi, XjULSrSiai-* XitSbSiekfR 
(^>7*l^>) 12t, Xift*fftJ|X1-4Xitl'ftiR/<^- 
>13ak*«x.tw4o ittibcoxaSiilHll 2 bX 
t§mM/*9-> 1 3 atli, v'J 1 

[0 0 0 4] 03 l±«©Xfv^ 7 7*7 > 7 <73*it S: 
^i-ifffiH-r-^^o 0 3 i&f&tZ b, X^X7 7*7 
> 7 5 2 14, i"j3>iSll ±lCjfM S ftfc Xllitii 

Hi 2hxit«ii 3 fc5&»e»«iss*irv»* 0 x^s 

jfifgll 2 fc LTI4, ftv^y 7**^ XilBS*f^ 

So XiSftrftiDHfiRl 3 tct±, Xi»flMtJi*tL-C« 

^/clttt^^oT a ^^"tfT^;l'7T7^f|-75' 5 S.<fflV^ 
ibtLTV^o Z\<DX$i-?X97'7>9 5 2frbXr&.-?* 
9 5 1 «r^1-S7*n-fe7.i: LT(4, «x.Jf JiJLTO^i* 

[0 0 0 5] i-f, X«|-77 7 7*7>7 5 2±(Cj?rStO 

•7X?CK7^i7f> ^*^xH*ftJ[3*/<^ - > if* 
JKi-io *Oft*®U*©j«$*i.X«38iaiRO'>'f > K7 




3 



Fa ) &x."?-f->ytfAbLfc } )7?T<t'7'(*>x-y 
(RIE) KJ;ij&*U 5SofcR*TX*KL 

x, 7 y m t mmb <nm&m* ^si^^iscj: 

cc, w-vxHi, — jkk, mT-tr-A (EB) l-v'X 

[0 0 0 6] C1C1-C, mil', XMfflil 3tcti, 

-7*^cti, i^vMiSffl*^*^^, fOx.tf, 0. 1 
8 ftmCOrifsOlls-lWr-yZ^-fZ, 1 G-DRA 

[0007] m*zti&\±w.mBL*mm-z>tz 
mz, *mmhtfi/^^ i/~^3>nmzft^fz%im 

frh, 0. 5 ft mmooMXfamKli, 10 MP a (IX 
1 0 8 dyn/cm 2 ) mTOJfcfrT $> k&Mifii><3 
tz 0 

[0 0 0 8] i^t, MOrtfflMctfli: fr«l&£*fC£ 
ti, ift*T-j£*£ffl£1-£;>r£t Lt-feCi<fflv> 

[0 0 0 9] Sfc, H2iC, XfUMHWO. 18^m 

tJ.ToitiiB * - > ofm-t ztzbiz a, ma&vm 

— y <7)zc y mffik1>sffiix, >mktfmk1r h „ 

[0 0 10] f&fc xmRfeKi: Ufflv^tit|/:# 
#Hi, (Ta) , ^Wt> (W) tL<l± 

t * ^ mwt&vowm ztix^z -192 
1 1 -jar, f&g&fii o 

[0 0 11] ifc, fi£* f X|ft(RJRfl««rtffl5tc:.»*/h 
£ <-f &fttf<r£: LTI±, 0iJ;U#i$ 1 - 1 5 0 3 2 4 
-^&fftKK«W>#ffi (J21T, 2 tnfrS) 

* o %tmm 2 tc ti, a&K± wbjs $ ft* xasajgLh 

tc, ^A-7^tI*fffiUlX10 9 dyn/cm 2 

(lOOMPa) f^ia^BloSilJJS^Sr*-^*^^^^ 
rt> <b £ & X«mJR#tif|-*7gj& L «TSBXi»ffltHX*tt 
ttfl-iBffSOI^mSDifr Sitl^D, ift 1 X 1 0 8 d 
yn/cm 2 , (lOMPa) <Dp}ffilBDlZi&T£-£2> 

X«v*?o»Sjfi:£ft&*^$;h.T</*&o 
[0 0 1 2] 
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[S&ipW i »PftLJ:d t-f&tm} LfrLZtfb, 2 5m 

mm^i>tztb\,z\t, xmmmopiuwite, 25m 

T, 7ttx.K«) s FJ^I&***l 0MP a£lT-C*oT«>, 
10 ioTltB^^Tv^o 

[0013] ia^©«je»nsaff«>ai#K#v\ isaai 

*^%* s ?|iJ5e-C § -6 £ i: $-Bv^tB L/c 0 i <DM1j<D^m 

[0014] «x.if, '&%#m2 izmztitzxm.-?*? 

?iiTV^v>. if^, jfiKfilJCl 0 0MP aSEcoSlo 
56 •? IS^I * £ T a ffll<7)ff it t± m h fr%ffik<om&m& 
£i>^tz£>, lG-DRAMm<Z>s*?->MfS.izmLX 

30 ti, ^m^^MJS^ti, EB«l!Hci-4jfi5»5&«*4*», 
ffi»JC£i>*«>ogU±, 7--iH:ictii, ftlSS-NK 

[0015] ttz, <Dnmmfr a, wmnwo* 

[0 0 16] -^-C, *»KOSJI5»WfiBU, iSfflS'Sr 

40 - yim-ift 1 } zttfxzz, xm-?x?<ott®-x$> 

[0 0 17] 

^xMajiM t , mrffix^^m±t-?fM $ ^ x«ir 

K9?Ofl|3&«, 0-+5X10 3 dyn/cmf^rt 
50 Sr#mti--SXi^-7^^r7>^35 s #'bn*o 



BUffiX 

Ta£ 
I-777 



[0018] ttz, j&Hoffnsamtcj:*.!*; uwex 
[ooi9] ttz, *&w<ommm~*ttt£, 
[oo2o] ttz, *mn<nmwmk\~±tL\f, mm^ 
[0021] ttz, *%w<vmzmmizxtii$, mz^ 

Tti.^HCK^cDXHTX 7 7*7 > 7 K&^X, fuKXil 
mmti*M$L £ ft£ ^15iffl$ 0 
nm (Ra : 4><kill¥*&ffi£) JBLTO^rt^HSr^ft* 
£ £#ffc fc I" & XI&V7 7 7*7 > 7 if% h ft£ o 

[0022] *i&?g<7)«rSEffi»K J-fttf, iiirfav> 
[0023] ttz, *&w<Dmvmmiz£tu2, mm^ 

tfmtfmfr bKZZb b -f h ?7*y> 

[0024] ttz, *mw<Di> ^— ^ommzxtm, 

mLtizmc 2 titz X«»j||l±(= XttRJRK* JgJA-f 

*ig*-£-r * x»t^ 7 7*5 > 7 otsbs^i* t=isv» 

T, mrlBXH®J|XM*fMt-^XSlci5v^r, X«R 
KRir/XUiW^SrWIiPi-* - t K i o T, 

^jtKrptW^, 0-+5X10 3 dyn/cmti 
* J: ? »Xj»RJRilS:3Kia-i-4 - b Xi»T 

7. 7 7*7 > 7 0^it*ft/6 ? # lb ft * o 

[0025] ttz, *$tw<vm%zmmz£titf, max 

i8IWK*»t**f**fNfNi1-* - 1 K J: o-c^to i fc £ 
X#t^7 7 7*7 > ? ©ssjg-5fe&«*§e>ftSo 
[0026] *£, *5tm<Dimmmz±tii£, mmx 
m.-?x?77>?<nmi£fimz&^x, mnzxm®.wm 

(O&ftfrftnfgmiAJiy 9 'J ^7***7 LT + -by > 
(X e ) «rfflv»fc^<y 9 U > 7*g-fc J: "9 JffiR-*4 d t 

K«fc f)tf 9-t*#mi:1-4X*|-v7^7*7>^^it 

-^fe^lf'bft.&o 
[0 0 2 7] ifc, *«^OffilES8«tcJ:*L(f, mffSX 

OlSTj^Wf (ftp £ , . SRX »!»JD«rojaRB#K *3 ft 4 

mr z mm, Rx/Mmx m&wmniSM&n T-->m 
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7 > 7 <7)Mit-^£ri s # ft £ 0 

[0 0 2 8] ifc, *»^Ofl&OS®»»cj:*Hf, tiriev^ 
-fti^<DXm^^ ?77>ir*J*9-->tf-tZ>Z\t\Z 

[0 0 2 9] £<bK, *%W<Dm<DlgmiZ£tH£, MI5 

[0 0 3 0] 

[0 0 3 1] (*^^C7) X Iv^ 7 7*7 V ^ Wl^BJ) * 

X^SMt , Huf5Xi^ligm±tC^ $ ftfc X«|iRiR 
^**1-4Xl^7 7 7*7>7lCi5V^T, mrKXia-7X 
7 7*7>7^V^TXi|^-T7 7^SSitL7tt X« 

5X103dyn/c mf^,l,»**)^ CI t i^iH 
20 L7t 0 

[0 0 3 2] IP*>, Xlv^^li, i^v^««JS^* 
$ft, ^X.tf, Xj»'; V?'7 7-f-fS*$lLtV^ 

0. l 8 ^moff-f >;i/-;w<7->*-ti- 4 1 G b 
i t -DRAMfflX^7 7(ci3V^Ti±, ^^->Mc^ 

a, xanRjRBiots* ^ § < s£# $ tt-s £ t -tm h tl 

**mm%l±, JL^OiLtZo 2 biz, y-c^-V3i*tt, 

ati-^iiz-s*** o , x«!xjgi«j£-ti kiiipoaw , ± 5 

X10 3 d y n / c mJJlTT'S)^ i t ^gfab^ i i 

i>*¥£mmii&^mLtz 0 

[0 0 3 3] tot, *^C0X^7x7 7*7>'7OX 
®W.Wmi±, ¥frfc&btltzmWl<V&&<D&%ie>&lZ 
&lf&xmtW&<VJ&3tW9.b<omt:±5X 1 0 3 d 
40 yn/cmtlTiU^o ££-C, *^{C*JV>T, 
^ftStfe^ftJtttiftiOffiRo^cfcJi, mrKXia-7^^7* 
7>7*fflv^TX«|-T7 7*$S^L7ct XUvT. 

*B?^*o 

[0034] m, *%mz&^x, fcjjtBmvmzo 

-±5X10 3 d y : n/cmfcffi56Lfc3£«i, XftK 
J|Jimoiir^i:SU¥^7) J ±5X 1 0 3 dyn/cm^g 

x. i> b , fct)frtf<D^-fe\z zy)j*9-> wfiti^ 
t) s ± C, H6 v M£fi*ftK =Sr* L X KL^ 7 7 t5*# <b ft ^ 
50 *»€»-e**o RaiOtLft**^. xaiiRJRKOiE* 
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tmM<Dm$, ±4X1 O 3 d y n/cmJSlTW 
tL<, ±3X10 3 dyn/cmttWt)4fiL 

[0035] ttz, *&miz&^x, mzxmmvmco 

mW-tt, 0. 3^m~ 0. 8 ,*mmm-?&2>Z ttf, 

-5 0nmf*^ii^iffl±ffiU\ ttz, XWm. 
JRJRoKl&illi, 15MPa (+15X10 7 dyn/ 

cm 2 ) jeJLTT**t tarn* Lv^> 0 do©Hi*i-e, m 10 

fffl-*»O r /X»*ES»fl'* ^igUfOffl U k L T X 
9<Ortjr->zz. TrtOJS*5W— * i 7 K 
t^it»* Lv\> 
[0 0 3 6] iit, ##&9§Ki5v>-C, X^tRJRMSrT 

x.*:t«^±i:, «BttDXttK«#Lfc ' * * - > £ 
il.it^t'^o 1P*>, Wx.tfTa*OXiRiRiRJ||S: 
ffl v * WW?"* J&JH£:ft k @ * 

HT-&£ 0 20 

[0037] T-t^^TX^iiWXlliRJlX 
Ktt, Tatll, R$, 

*«««mttre>*i*o ^fc. t a tB r 

foil 9 &fir *WM-$~&Z.t\ZZ OS 

•RiR^* f ^:§v»tv>ofiLftSr^ri-4o Talc 
**1"4B l 5~2 5^T-%ki-4^klcJ; ij 

T ;u 7 7XM«I^# e> „ 

[0038] *f§w#p>t±, xmmmi^m- 

*®*>£1T«L33&* X*jliRJDUROJ£.^i^Jcai<«» 30 
[0 0 3 9] IfrLKtfh, XBm.WMiT&l&-t&W, 

[0 0 4 0] -€-£T% *HWJCi3v»TI±, XSNftiRBI*: 
^jfii-4ffi«r¥rfr*<>OkU *oX«SS«K«>Icy!j# 

<omH<OlSU3 KWxtz XB.~*X? Srltttf 40 

tf^MffiSJi, 2. 0RaWT,.ffiL<lil. 5 nm 
JiTF, S&fcSfSLOi, 1. 2nmttTmiti: 
±0, 2 nmJ£lTO¥Tt4SE®**-f4Xi»iaiRBi*» 

[oo4i] ttz, xmwMm*fcm-*m*w-m\z-t 

>< y * ft^ Wfk&S^M-T i k tc X <0 fr i z\ t tfx 
[0 0 4 2] BP*?, 2|c|&^OXi»^^y5>^Ji, ± 50 
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JtXBl^JS * BOjtffiii, StM*t£ Rai»2. On 
m (Ra : *'MMa&JfiS) &T<&¥»fcffi«:*-*-«- 

[0 0 4 3] *W%<DXBr?*!?-77>?\zjd^ 

x, w&x®&.im\±, m\smfr <•> & a ^ t l 

[0 0 4 4] *^(Ci5V>Tfflv>-S^Ki: LT 

(±, vy3>a**#*&f&*t*o ttz, xm&BMt 
LTIi, S i C, SiN, ^n/'KIWW 

fcaiiRkXfc&JKRfcoHH::, -x^^ffih®, ® 

mm, KMm±m, *m*oii*twtfcfe«>-c*oT<> 

[0 0 4 5] (*HWO Xi»v^ 9 7*7 > 9 0>m&J}& 

ids**-*-* x«i-^^ 9??-** <DW&nmzn^x, 

fe»**ao r /XI4«W^M|i *w«-t ^ - k «t 19 , ^ 
fe^* t> tt/cfl^om^'T) jft K is 1 1 ^ TttlBX WBNWk 
<Ofcl3kW8&o>ftff, 0~±5X10 3 dyn/cmk 

%h x i zxim.mkZfcf&i-z i k *!mktirz> 0 

[0 0 4 6] CliT-, X^iRHcoMff^li, XHfR 
JRKOjfiRf*tc«««i-t*c:k**T?§. A#WK»±, 
<y9V^7fflgg§<r>1?*'E., DC (RF) ^9-, ^~ 

[0 0 4 7] XiRiRJRR©JS*fl-*»±, XiftfRiR 

>9'ifXtLX**;> (Xe) Srfflv^itiCi 1J, 
^•y^'J>mtLT7)^> (Ar) fcffl^fc* 

-fr tc Jt^t i&v » jy^ ffiTv> $ v >BBS2J 25. ■€■ X 

<vmm - k § ^ o 

[0 0 4 8] Z\Z.X, Ts^-j 9') >9'mt LTti, RF 
[0 0 4 9] $P>IC, Xi»iRiR«tOJE*^*li, X»fR 

jRjRwdat^^ t - - ^«ya*ff ^ - k «t *) , mm-f 

0 0* C^f>3 5 0°CX&2>o z\<DT~-)^mzis^ 

x\±, ±^<Dxmmm<owsm<Dmm\zx, %>*>mm. 
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^MlDyW, 0 16 0MPa (0- — 1. 6X1 

0 9 dyn/cm 2 ), &DfrJG&± 1 0 M P a t 

[0 0 5 0] ±|fi(7) J; ? fc^S-lc J: *) , X«lXII<Dte 

&&<vMmj?jz&itz>fot>><mm<7>mz, o-+5xi 10 

0 3 d y n/ cm<Dmmi<--tZ>Z.t\ZZ. V) , fig^^ 
^Ltzl G-DRAMffl^7->iCiiU:Xl^? 

[0051] ft, xmm.m,<Dmtsmm^fkt lx, 

Sfflt^f, ^IJxJJRa 2-20 nm(?)fi/>|±|:, >5t 
h , ¥±1 &ffi±l' XH®J|X^ Sr^fiEi" & - t t L 

^tztix^&tztb, xi&mm:<7)fcti<7>mm*, ±ie 20 

<D i 9 & X ^JRKco^)RB#^F#n fcff 9 vfffi £ t £ - 
[0 0 5 2] 

xm.w-t& 0 

[0053] mm i) mi n^mm^mmm 1 
xi^tx ir-yyy^ (Dmmnm^m^-tmmmx 

ibJoll (A) {£, y'Jnylii 1 fiDMMlcX&lil 
iiill 2 i: LT^k^^^MLT^MLTtX^^^ 
^>7*l/>tr*^> 0 y'j3>Ml ltUfi, 30 

^§^3-Y>-f"55, IP? 2mmT^ B B a 73f4 (10 0) <D 
v V n v^ 0 4 fc, X^jliiK 1 2 i: LTco 

i^-ftSliti, y^nDy7>t7-bfl/>tfflv>tCV 

(=. tttt&F&tcj: f?M«ffio¥ffl'fb^fi : v\ R a = 1 n 
mWTO^M*l$^1ix^X||SigSIl £t#£ 0 

[0 0 5 4] HI (B) KTF-fXllZfy? frt 

^^mti^rtih(DlM.^it (Ta/B) /J*8/2t&& 
$EBT-#:rf ^Ifc-g-t^^v * 'J h t L 

T, T^l/^^'^'J^mtU, RFt^ 40 

T% mmO. 5/um±0. 0 3 jU mIlt.J-10 0MP 
a + lOMPa (l±mfct>) WnTa-BI^ 
Ltz 0 ££"C, X/i-y ? Yv hit, 6 <i >^ 

»2>*mximLtz 0 ttz, RF;N-7-*f6. 5W/ 
cm 2 , X^-y^^EEl. 0 P a h tTJI*#^o - 

<om * r - - )vnm-t zztizx*) mfcti **3 1 o m. <o m 
^mit-rztfflkzm^x, m^ti^mi-zzt^ 50 
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[0 0 5 5] TKftl iCT--^zattHjc>yi<7)M^4- 
^i"o TIS^l^P>B^'b^J:9^2 OOttT--;!/ 
-f irKi: S), 0 ± 7MP aOmBfiminx^Zo 
Z\<Dm<r>2 5mmftxiJ TXCOmiJ tmM^Wi, ± 
3. 7X1 0 3 dyn/cmWTt*ot 0 

[0 0 5 6] ft, JS*^*{±, NTTTK^^f^y 

nv- (#) s?<7)^ffis^inj^fit- i , timmtk 

v U n >^^ffi3^g£*Kffil*|-e 2 5 6 .S.cDffitO 
-;7) ^fflv^TSij^L/Co 

[0 0 5 7] &.IZ, 01 (C) tC^i-i^H, X«K 
tt.<D±lZ3-y^>y-?X?m 1 4 t LTy*nA£t<ffct/£ 
-g-fry-nA (Cr) l^RF7^4u^7?fti: 
iotO. 0 5// m<0| $ KffM L£ 0 vO"? -y > X 
biCC r £JEv\ ^./N°-y ^ U >^*^(±, T;v 
(Ar) \Z*?y (CH» ) ^7%M^-L/i^ 
-C, RF^*7-$=E6. 5W/cm ! , ^.^^y^^E 
1. 2Pa<hLT, 1 0 OMP aJilT^SJS^tOJ.-y^ 
>y-*v^^g 1 4 i'&tzo 

[0058] ^m^mmm 1 t*^sl/:xst^ ^ r 
miz, x^xtwmL, ^Lmm^mmmm.mizx 

VVmLtzmm, TK3U ic^i^H, 18nm«S 
[0 0 5 9] (11^00 2^.^3) ^l', ^BJO^^J 

iz^xmw-tz* *mmx-i±, mmmi h^^iM 
■hmwx$r>h<nx, m i *m^xm$Birz>c 
[oo6o] $ -?, mmi mm<o?;&xxB.m.mk 
i*Wzik, mi (b) \,zmir£. > )\z9>9)\'t*'o m 
tittit><vm=f-)k (Ta/B) ^8/2 tzzmmx 

-tm-f&it'SWliX^y? 1 ) Y b LX, T 

^rrx^ft^^^Jr-try > (Xe) ^^/^y ^ 'J yffif 
XtLX, RFv^hny^'yy'J-y^Civ, 2 
Smm^^x'^fit-KpO. 5^m±0. 0 2/zm, 
K*-14 0MPa±7MPa (JEifitS*) ^^1"^. 
Ta-BI^IU;o RF^ 0, 7-®Jg6. 5 

W/cm ! , ?*r*JE0. 3 5 P a LtI4:# 

fco z\(DWk£2 5 0X:T*T--^S1-^i ttc J: 
0 +4MP aO®S^HSrf#TV^ 0 ;<Oi<7)2 5mm 

T-ew^ii tWk&t TIS^ l ic^T <t ^ 

(C, ±2. lXlO'.dyn/cmllTT^ot (HI& 
1?!I2) o Xe^^7 fTTa-Bmzmfc-f&zlt 

\z 2 6 0 "CtrT--^ L7t*|-g-, TIESt 1 1-^1" i d ^ 
RI&*J±, 4±4MPat, :©I©2 5mmftx'J7 
T-<7?tDt)tMJ?<D«l±, ±4. 2X1 0 3 dyn/cm 
Ji)>TT«S>o7t (^Sfe0O3) o 
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[0 0 6 1] ^c, Ell- (C) i:*ti-)C, 

0. 0 5 /umWmZ^&Lfzo X^y9 9~¥vY\Z 
C r ^1V>, 7>s*y 9Jf7*\$, A r fc> 9 1 
LfzifXX, RF^ r 7-^Bme. 5W/cm 2 , As*y 
9if*W.\. 2PatU, 1 0 OMP a J3LT<7)i£(S^ 

<ox 7 f>m?i i 4 £#£ 0 

[0 0 6 2] *mtmx-ftWi Lfz X*£v* ?77>^?- 

<9fFffiL^*, TfESl fcjjrf-J: ^ Kg^^&ffijg 

[0 0 6 3] (mm 4 ) ^BJo^Ji^J 4 K# 

**IS^J-e(±, SiM^J 1 i: *<VJMtfmWtX& % <DX\ 
HI £ffl^TlftBJt-&o 

[0064] t-r, mmmi t^mwAxxm-mMm 

1 Ell (B) H^i-id^^>^^t^>># 

^-g-fribWlCT-Jt (Ta/B) 3*8/2 i: ffiHT- 
^■tMt^O^^^v 9 ') Vtr9-¥y htLX, 7 
frzfXDftfoVlZZ-t; 9 V V9*if7, t L 

X, RFv^ FD'/^^iJ >^"JC«t 2 5mm 
ft©x'J TrtT-IDPO. 5^m±0. 0 1 ju m, JKtctfj 
-15 0MPa±8MPa (EElSJfcfr) ^tt^Ta- 

10-f^f-^t'fXt, y'J^^Sti l^^-7-*7 
N K*HSH-*te*K 6 0 mm«)8aHcE11+**ffit?ft 
SSL/t 0 47t, RF^7-fS2. OW/cm 2 , 
yjrtfxmo. 8 P a t LTl&#f;„ i«M2 7 0 
• C-er--^Mai"-&-^tCj; lj, -2±5MPa<7> 

l3tMJP<7)^(±, Si t-^i-i9^±3. 6X1 0 3 d 
y n / c m JilT"C3b o 7t 0 

[0 0 6 5] %mtmx* Ym Ltz Xlv^ 9y*7>9% 
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[0066] (itifetfu 5 ) * «; > x z&mx 

m.-?x?77>9t:Wzo TI2S1 K^-fi^K, OK 
«4-ffifflL*v^t-CKI?^(i0. 5^m±0. 08 
Ai m t'lv>if (E;.* * 2 ± 5 M P a tWU* < 
ti-it, JS^tmi¥0«t±, 4. lX10 3dyn 
10 / c m^T-Cabo^o 

[0067] *mmximLtzxm?x?79>?i 

"JfNBfiLfciKr*, TIESl KT^-f X "9 CS*Sii4«l 
[0 0 6 8] (JtUEOT 1M2) TIES 1 Lfc i 

^SrCXiil^x 9 7v>9 ZftM Ltzo HJfe^ 1 

tmrnzx&.-?*9*Ymu fa«s*tiHiL^tt 

TIES 1 K^tJ: 9 U5?*$*t*ffi«fflS*:*fc$ 
20 *v»ifc*5SKL^o 

[0 0 6 9] (JfcttW 3 ) y 9 'J > ^gfCillit* 
ZmmLK^Zt, #**K£0. 9Paki<L^ 
t, 2£tfT--;HBK*2 7 0* CtUiWtt, 
lt«00 1 t ^««M-CXS-7^ 9 77>9 fcfEKL 
fz 0 J£#Jt±4±6MP a 4:JttRfi<j/h3 (tiifc^i 
tz^VXD, Ml¥^»±, 0. 5^m+0. 08 A mh* 
* «?A<&*»ofc*:* f JE5&fciW<&«i5. 8X10 
3 d y n/c m&TtNfcofc 0 4tftt*ttTfisSLfcX* 

30 Srffi«ffll56«^J:0ffFfilli-Lfctt*, TffiS 1 i ? 
KWi&ZjxzifefeZffitzZr^z. t fmmLtzo 
[0 0 7 0] 
[Si] 







7— Wi'fiK 

CC) 


m * 


(xl 0 7 dyn/cm 2 ) 


(d y n/cm) 


3 <7<nm) 






nasflll 


A r 


200 


0. 5±0. 03 


-100±10 


0±7 


<±3. 7X1 0 3 


1 8 




Xe 


2 5 0 


0. 5±0. 02 


-140±7 


0±4 


<±2. 1 xl 0 3 


1 5 


mmms 


Xe 


260 


0. 5±0. 02 


-140+7 


4±4 


<±4. 2X10 3 


20 




Xe 


270 


0. 5±0. 01 


-1 50±8 


-2±5 


<±3. 6X1 0 3 


1 8 




Xe 


260 


0. 5±0. 08 


-145±6 


2±5 


<±4. 1X1 0 3 


19 




A r 


17 0 


0. 5±0. 03 


-1 00±10 


~8±9 


<±9. Oxio 3 


35 


nam 2 


A r 


2 2 5 


0. 5±0. 03 


-1 00±10 


1 5±7 


<±1. 2x l 0 2 


4 5 




A r 


270 


0. 5±0. 08 


-1 5 0±1 0 


4±6 


<±5. 8X10 3 


2 5 



[0 0 7 1] ft. ±§ZM1itmX't±, RFT^hn^ 50 ;<-y 9 } ) > 9'Xfi-ofzfr, ZtHzmfeZtlZ 
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£ b »±* < , — «fc*r*>ivcv»* D CX'<y 9 'J 

to 07 2] ifc, ^^'j>mtU7J^> 

ft&dtte&C T^r^Oftfc'JK, ^-t^> (X 
e) h> (Kr) -^'J^-A (He) fcifcO/F 

ffi14#*M£fflT-££U ^^X^ft^'JtCJ.^^ (C 
2 He ) , ^n;t> (C 3 Ha ) ft ^Ojltfl***^ 

[0 0 7 3] WfcWfciJV»T, XMWItL 10 

T, Ta fcBWffc&W (Ta : B = 8 : 2) Oft^O 
K, £JRTa, TaS-g-tfT^E^^TX^, T a 4 B 

ja^oaffi* i>-o*vik?>? »m &m *> &v> c 

[0 0 7 4] ifc, X«v** 79 02 

Kmfcz tt-r, xtmmm&i&ikK ^mso -> >; a > * 

[0 0 7 5] 

* 7-7 > 9 R&*r0>9atiS&&mz Xti&TX 9 lz J: 20 
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ft 4:, 0-±5X10 3 dyn/cratUfflv^S 

[01] (A) , (B) , Rtf (C) I±*«5I0»10 
7F1-0T-&&O 

[12 2] fe%k(nxm^x?<nMT&*m.m-f2>t:it><D}%iffi 
0T*£>£ O 

[03] fia50Xift-7^^y7>^0»Jfi*ftt?§i-4fc 
J6W©rK0T*&& o 

1 XHSjUR 

2, 5 2 Xl^?r7>^ 

1 1 a v/^JSS 

ii v >; 3 >a&R 

1 2 Xffi£j§JK 

1 3 xmmm 

13a XH^J|X#/^-> 

14 x-yf-/^?X^l 
5 1 



[HI] 



[02] 



[0 3] 




